Many functions have been attributed to the quiescent center of a root apical meristem, from stem cell reservoir to pattern-generating center. Limited laser ablation of the quiescent center in Arabidopsis has now revealed that it acts to suppress differentiation and to maintain the surrounding initial cells as stem cells.
These basic structural features of the angiosperm root were recognized by plant anatomists by the middle of the last century. This led to a proposal by Hanstein [1] that a few cells at the pole act as initials for the entire root because of their high mitotic activity. This notion was debunked by Clowes in the early 1950s [2] [3] [4] . He argued that the geometry of the root apex in maize could only be stably maintained if the cells at the root pole had low rates of mitosis [2] , and demonstrated that the cells surrounding the pole, but not the actual pole cells, are the true initials for the various cell types [3] . Subsequent examination of the incorporation patterns of radiolabeled precursors of DNA synthesis in root apices confirmed the existence of a central zone with greatly reduced rates of mitosis, which was hence termed the quiescent center [4] . In situ hybridization analysis has accordingly shown that levels of mRNA for the mitosis-inducer Cdc2 are low in radish quiescent centers [5] , and histochemical examination revealed that quiescent center cells are distinct from their neighbors [6] .
Many different functions have been attributed to the quiescent center since its discovery. Quiescent center cells show a strong resistance towards ionizing radiation, particularly when compared to the surrounding initial cells, which led to the suggestion [7] that the quiescent center acts as a stem cell reservoir to ensure the regeneration and persistence of the root apical meristem. Microsurgical excision of parts of the root apical meristem, and subsequent examination of the root's regenerative response in maize, led to the observation that, although distal parts of the root could regenerate a functional apical meristem, this was always preceded by the formation of a new quiescent center [8] . On this basis it was suggested that the quiescent center is a pattern-generating center in the root apical meristem. Biophysical arguments, based on growth tensor analysis, were made to suggest that the quiescent center is a geometric necessity in angiosperm root apices [9] , but this theory never satisfactorily explained the existence of open meristems ( Figure 2b ) and evaded the question of whether the quiescent center was required for more than geometric integrity.
In their earlier pioneering studies with the model angiosperm Arabidopsis, Scheres and colleagues [10, 11] found that complete laser ablation of the four central cells that make up the quiescent center in Arabidopsis [10] led to the proximal displacement of the quiescent center 'corpses' and subsequent replacement by vascular initials [11] . This experiment confirmed the findings of earlier surgical studies that the quiescent center is in some way involved in normal root meristem activity, but could not address its specific function in root development. Now, Scheres and collaborators [12] have refined their ablation studies. Instead of ablating the entire set of central cells, individual cells were destroyed. They first observed that the proximally abutting columellar initial cell ceased dividing after ablation of the neighboring quiescent center cell. Columellar initials are unique among the initials of the Arabidopsis root apical meristem, as they are the only cells of the columella that contribute to proliferation. Their daughter cells, but not the initials themselves, contain starch granules; after laser ablation of one quiescent center cell, however, the adjacent initial cell accumulated starch granules as well. Thus, the former columellar initial cell began to behave, not as a mother, but as a daughter, suggesting that the quiescent center suppresses differentiation of initial cells.
This experiment did not resolve whether the quiescent center suppressed initial cell differentiation directly or indirectly by maintaining their proliferative state and thereby preventing them from differentiating. Evidence that the suppression is direct was obtained when individual quiescent center cells were destroyed in Arabidopsis mutants that are unable to resume proliferation in the root apex during germination. As in the ablation experiments with wild-type plants, the columellar initial adjacent to the eliminated central cell accumulated starch granules, indicating that suppression of differentiation as an initial cell does not depend on whether the cell is proliferating.
An even more elegant answer to the question of whether quiescent center cells directly inhibit differentiation was provided when the consequences of central cell ablation on other initial cells were examined. Cortical initials undergo a transverse asymmetric division to reproduce themselves and to give rise to cortical daughters, which themselves undergo a longitudinal asymmetric division to generate the first endodermal and cortical cells [10] (Figure 3a) . Destruction of a central cell led the adjacent cortical initial to divide longitudinally, indicating that the cortical initial behaved like a cortical daughter by executing the latter's characteristic periclinal division (Figure 3b ). This suggests that the quiescent center cells maintain the 'stemness' of abutting initial cells by directly preventing them from differentiating one step further along their developmental trajectory, and not by keeping them proliferative.
Analysis of hobbit mutant Arabidopsis plants further supported these observations and excluded the possibility that they were simply the consequence of stress associated with quiescent center ablation. The hobbit mutants are unable to organize their root apical meristems appropriately, These results clearly indicate that the quiescent center does more than just geometrically anchor the root apical meristem. Scheres and colleagues [11] have previously shown that cellular maturation within the files constituting the root depends on signals originating from the mature parts of the root. Their current work implies that, if this developmental gradient is not opposed by a counteracting signal from the quiescent center, the root apical meristem rapidly ceases to function, explaining why roots with an open meristem must have quiescent centers. Shoot apical meristems have a central zone of low cell division activity surrounded by a peripheral population of more rapidly dividing cells, but they lack cells functionally equivalent to initials in the root, as shoot organogenesis is discontinuous. Nonetheless, there is genetic evidence in Arabidopsis that maintenance of an indeterminate state is essential for shoot apical meristem homeostasis [14] .
This work has revealed a new property of stem cellsthe suppression of differentiation -that would have been difficult to uncover in animals, where cell migration can obscure cellular identity. The crypt in the mammalian intestine consists of a linear array of stem cells, transit cells and maturing epidermal cells which are constantly sloughed off the intestinal villi [15] . Although the stem cell population size has been mapped in this system, the nature of the interactions between potential stem cells (equivalent to quiescent center cells) and early transit cells (equivalent to initials), which determine the rate of overall cell production, has not been studied. It will be interesting to repeat the experiments reported by Scheres' group in a plant with a larger quiescent center. Feldman and Torrey have reported that the size of the quiescent center in maize changes as root growth rates are adjusted in response to different environmental conditions [16] , suggesting that although the transition between quiescent center and initial cells is sharply demarcated [12] , this boundary is not immutable. 
